Cell Biological Assays for Measuring Chondrogenic Activities of CCN2 Protein.
Growth-plate chondrocytes undergo proliferation, maturation, hypertrophic differentiation, and calcification; and these processes can be reproduced in vitro in a chondrocyte culture system. Using this system, we have shown that CCN family protein 2/connective tissue growth factor (CCN2/CTGF) promotes all stages of proliferation, maturation, hypertrophic differentiation, and calcification, thus suggesting that CCN2 is a multifunctional growth factor for chondrocytes and plays important roles in chondrocyte proliferation and differentiation. In this chapter, we describe how to evaluate CCN2 functions in these processes occurring in cultured chondrocytes. Evaluation strategies for cell proliferation include measuring DNA synthesis by [3H]-thymidine incorporation, cellular metabolic activity, and cell number with a hemocytometer. Next, evaluation strategies to assess maturation are analysis of the gene expression of markers of mature chondrocytes, and examination of proteoglycan and collagen synthesis by using radioactive compounds. In addition, cytohistochemical detection of glycosaminoglycans (GAGs), such as chondroitin sulfate, by use of alcian blue and toluidine blue staining is useful to evaluate chondrocyte maturation. These methods can be also used for evaluation of physiological functions of CCN2 in permanent chondrocytes such as articular and auricular chondrocytes, which do not calcify under physiological conditions. Next, evaluation of hypertrophic differentiation is performed by detecting type X collagen, which is specific marker of hypertrophic chondrocytes, and by measuring alkaline phosphatase (ALP) activity. Finally, evaluation of calcification is performed by detecting matrix calcification by use of alizarin red staining and by examining the incorporation of 45Ca into cartilaginous matrix. These methods would be useful for the evaluation not only of CCN2 but also of its derivatives and other CCN proteins.